Introduction
============

Human retinoblastomas are malignant intraocular tumors and have a high incidence in children. Retinoblastoma treatment is based primarily on surgery and chemotherapy. Although the curative effect and survival rate of children have been considerably improved, retinoblastoma is still a serious threat to the health of children worldwide.[@b1-ott-10-5303] At the same time, the therapeutic principle of retinoblastoma is not only confined to save life and keep the eye but also to save the effective eyesight of the children as much as possible. Chemotherapy combined with local treatment is the principal means of treatment of retinoblastoma, and its application has saved many children's eyeballs and avoided external irradiation.[@b2-ott-10-5303],[@b3-ott-10-5303] However, chemotherapy drugs have more limitations, due to toxicity, side effects, drug resistance, changes in the disease spectrum, and the emergence of drug-induced diseases. New antitumor drugs provide a new approach for the treatment of human retinoblastoma.[@b4-ott-10-5303]

Naphthalimides, as a class of DNA intercalating agent, have been used widely in antitumor pharmaceutical research. At present, the naphthalimide compounds amonafide, mitonafide, UNBS5162, elinafide (LU79553), and bisnafide (DMP840) have been evaluated clinically.[@b5-ott-10-5303]--[@b7-ott-10-5303] Previous studies have shown that UNBS5162 has broad prospects as a tumor treatment with less toxic side effects and higher cancer-suppression efficiency.[@b8-ott-10-5303] However, the efficacy of UNBS5162 in retinoblastoma remains unknown.

In the present study, we demonstrated that UNBS5162 inhibited proliferation and promoted apoptosis of human retinoblastoma cells. The aim of the current study was to confirm the overall mechanism of action of UNBS5162 in human retinoblastoma in vitro, emphasizing the potential of UNBS5162 to combat human retinoblastoma.

Materials and methods
=====================

Cell lines and cell cultures
----------------------------

The human retinoblastoma cell lines WERIRb1 and Y79 were purchased from the type-culture collection of the Chinese Academy of Sciences, Shanghai, China. WERIRb1 cells were maintained in DMEM supplemented with 10% fetal bovine serum, penicillin (100 units/mL), and streptomycin (100 units/mL; Thermo Fisher Scientific, Waltham, MA, USA) at 37°C in a humidified atmosphere with 5% CO~2~.

Compounds and antibodies
------------------------

UNBS5162 was obtained from MedChemExpress (Princeton, NJ, USA). All experiments were performed using 10 μM UNBS5162 as the work concentration. Reference antibodies were obtained: rabbit antihuman Akt, p-Akt, mTOR, p-mTOR (Cell Signaling Technology, Danvers, MA, USA), rabbit antihuman p70, Bcl2, Bax, caspase 3 p17, mouse antihuman cyclin D~1~, and GAPDH (ProteinTech Wuhan, China). The electrochemiluminescence kit was also purchased from ProteinTech.

Drug-sensitivity assay
----------------------

Cells were harvested in the exponential phase. Single-cell suspensions were prepared and dispersed in 96-well plates at 2,000 cells/well. Nine gradients of UNBS5162 were prepared: 0.625, 1.25, 2.5, 5, 8, 10, 25, 50, and 100 μM. Three duplicates were used for each determination. After incubation with UNBS5162 for 48 hours, 10 μL of CCK-8 solution was added to each well, the plates were incubated at 37°C for 2 hours, and absorbance of each well was measured at 450 nm using a multimode reader. The IC~50~ value was defined as the concentration of drugs required for a 50% inhibition rate relative to the controls.

Cell-proliferation assay
------------------------

Cellular proliferation was confirmed by CCK-8 assay. WERIRb1 cells were plated in a 96-well plate at a concentration of 1,000 cells per well. The cells were divided into two groups: negative control (NC) group and UNBS5162. The cell-proliferation assay was performed: 10 μL CCK-8 solution was added to each well, and the plate was then incubated at 37°C for 2 hours. Absorbance was measured at a wave length of 450 nm using an enzyme-labeling instrument.

Protein extraction and Western blotting
---------------------------------------

Cells were washed once with PBS and lysed in radioimmunoprecipitation-assay buffer. Total protein (44 μg) from each sample was resolved by 15% sodium dodecyl sulfate polyacrylamide-gel electrophoresis, transferred to a polyvinylidene difluoride membrane, and analyzed by Western blotting. The membrane was blocked by 5% fat-free milk in TBS containing 0.1% Tween 20 for 1 hour at room temperature and then incubated with primary antibodies at a dilution of 1:1,000 for 2 hours with secondary antibodies at a dilution of 1:5,000 for 1 hour. The assay was repeated three times. Quantification results were analyzed using ImageJ. The relative expression levels of proteins were calculated by determining a ratio between the amount of target protein and GAPDH.

Flow-cytometry analysis for apoptosis determination
---------------------------------------------------

After incubation with UNBS5162 for 24 hours, WERIRb1 cells were maintained in serum-free medium to starve for 24 hours under normal conditions. Cells were made into a suspension with binding buffer at 1--5×10^6^ cells/mL. Annexin V--fluorescein isothiocyanate/propidium iodide was added to cell suspensions, followed by incubation in the dark for 5 minutes at room temperature. After 10 μL dye liquor had been added, samples were detected by flow cytometry and analyzed with FlowJo software.

Statistical analyses
--------------------

Date are expressed as means ± SD and analyzed using SPSS version 17 (SPSS, Chicago, IL, USA). Statistical analyses were performed using Student's *t*-test to analyze changes in experimental results between the groups. Differences with *P*\<0.05 were considered significant.

Results
=======

UNBS5162 inhibited proliferation of human retinoblastoma cells
--------------------------------------------------------------

Concentrations of UNBS5162 treatment were determined by drug-sensitivity assays. As shown in [Figure 1A and B](#f1-ott-10-5303){ref-type="fig"}, with increased UNBS5162 concentration, WERIRb1 and Y79 cell proliferation gradually decreased. IC~50~ values were analyzed using SPSS, and 16.5 μM was determined to be the IC~50~ of UNBS5162 treatment.

To investigate the effect of UNBS5162 on cellular proliferation, WERIRb1 and Y79 cells were treated with NUBS5162 for 72 hours and cell proliferation measured by CCK-8 assays. The viability of WERIRb1 and Y79 cells treated with UNBS5162 decreased significantly compared to the NC group. After 72 hours, the OD value of the UNBS5162-treated group was 0.93±0.08, significantly decreased compared with the NC group (1.68±0.05) in WERIRb1. Meanwhile, in Y79 cells the OD value in the UNBS5162-treated group (0.45±0.05) also decreased significantly compared with the NC group (1.22±0.05) ([Figure 1B](#f1-ott-10-5303){ref-type="fig"}). These results suggested that UNBS5162 significantly prevented proliferation of human retinoblastoma cells.

UNBS5162 promoted apoptosis of human retinoblastoma cells
---------------------------------------------------------

To corroborate the role of UNBS5162 on apoptosis of human retinoblastoma cells, WERIRb1 and Y79 cells were treated with UNBS5162 and apoptotic cells in the NC and UNBS5162 groups examined by flow cytometry. The results demonstrated that there were more apoptotic cells in the UNBS5162-treated group (27.1% in WERIRb1, 20.83% in Y79) than in the NC group (11.59% in WERIRb1, 12.89% in Y79) ([Figure 2](#f2-ott-10-5303){ref-type="fig"}). To confirm the effect of UNBS5162 on cell apoptosis of retinoblastoma cells further, we investigated the expression of apoptosis related genes -- those for Bax, Bcl2, and caspase 3 p17 -- in WERIRb1 and Y79. As shown in [Figure 3](#f3-ott-10-5303){ref-type="fig"}, compared with the NC group, caspase 3 p17 and Bax expression were both upregulated and the apoptosis suppressor Bcl2 was downregulated significantly in WERIRb1 and Y79 ([Figure 3](#f3-ott-10-5303){ref-type="fig"}). These results suggested that UNBS5162 induced apoptosis of human retinoblastoma cells.

UNBS5162 inhibited proliferation of human retinoblastoma cells through Akt--mTOR pathway
----------------------------------------------------------------------------------------

The Akt--mTOR pathway has been shown to be involved in the regulation of numerous cellular functions, including proliferation and apoptosis; however, the effect of UNBS5162 on this pathway in human retinoblastoma has not been reported previously. To corroborate the effect of UNBS5162 on the Akt--mTOR pathway further, we investigated the expression level of related genes by Western blotting in WERIRb1 and Y79 cells. The results demonstrated that p-Akt and p-mTOR were downregulated significantly in the UNBS5162-treated group compared with those in the NC group, while Akt- and mTOR-expression levels were identical. Meanwhile, we detected the expression level of cellular proliferation related genes -- those for p70 and cyclin D~1~ -- in the UNBS5162 and NC groups. As shown in [Figure 4](#f4-ott-10-5303){ref-type="fig"}, p70 and cyclin D~1~ expression were decreased significantly in the UNBS5162 group compared with the NC group in both WERIRb1 and Y79 cells. These results suggested that UNBS5162 may influence the cell viability of human retinoblastoma cells through the Akt--mTOR pathway.

Discussion
==========

In recent years, with rapid development in modern biotechnology, life science has entered the era of molecular biology, leading to the development of related disciplines.[@b9-ott-10-5303] Because of the difference between the DNA in cancer and normal cells, DNA has been an ideal target for antitumor drugs. DNA-embedding agents play an important role in tumor treatment, and the application of naphthalimides has been a focus of tumor research in recent years.[@b10-ott-10-5303] Braña et al synthesized a series of naphthalimide derivatives. These compounds have been proved to be effective in embedding DNA, increasing DNA length, and unwinding superhelix DNA.[@b11-ott-10-5303],[@b12-ott-10-5303] Among naphthalimide derivatives, representative drugs have entered clinical trials, including mitonafide, amonafide, and UNBS5162.[@b13-ott-10-5303]--[@b15-ott-10-5303] These compounds can be inserted into DNA to inhibit the synthesis of DNA, RNA, and topoisomerase II activity.[@b16-ott-10-5303] However, in clinical trials, mitonafide and amonafide have significant side effects in the central nervous system, and these two drugs have limited clinical efficacy for solid tumors. Notably, UNBS5162 works better and has less toxic side effects according to clinical trials, while less research has been performed in human retinoblastoma tumors.

For the first time, we demonstrated that UNBS5162 inhibited proliferation and promoted apoptosis of human retinoblastoma cells by regulating the activity of the Akt--mTOR pathway. UNBS5162 is a novel naphthalimide, and can decrease CXCL chemokine expression in cancers.[@b17-ott-10-5303]--[@b19-ott-10-5303] In a recent report, a Phase I study of UNBS5162 was conducted to establish pharmacokinetics, maximum tolerated dose, dose-limiting toxicity, safety, and antitumor activity in patients with advanced solid tumors or lymphoma. A total of 24 patients with metastatic carcinoma and one with lymphoma were treated with UNBS5162 at eight dose levels (18--234 mg/mL). Grade 3 toxicities were observed in three cases, and QTc prolongation was observed in six cases.[@b20-ott-10-5303] In vivo UNBS5162 after repeat administration significantly increased survival rate in orthotopic human prostate cancer models, and in vitro exposure of the prostate cancer cell line PC3 to UNBS5162 dramatically decreased the expression of proangiogenic CXCL chemokines.[@b8-ott-10-5303] Chemokines are proinflammatory cytokines, which are chemotactic for immune cells and operate as cytokines through binding to transmembrane G-protein-coupled receptors.[@b21-ott-10-5303] The interaction of chemokines and their receptors can induce chemotactic migration and cytoskeletal rearrangement of target cells and enhance the adhesion ability of endothelial cells.[@b22-ott-10-5303]--[@b24-ott-10-5303] Previous studies have shown that CXCL is involved in many biological functions, such as cell growth, apoptosis, and angiogenesis, and plays an important role in the development and progression of tumors.[@b25-ott-10-5303]--[@b27-ott-10-5303] Chemokines can also regulate expression of the Rb protein, the gene for which is critically mutated in the pathogenesis of retinoblastoma. Totonchy et al found a novel mechanism for CXCR7-mediated proliferation via proteasomal degradation of Rb.[@b28-ott-10-5303] Khan et al found that CXCL12 could increase Rb protein and RNA levels in rat cortical neurons and stimulate Rb activity as a transcription repressor.[@b29-ott-10-5303]

In conclusion, UNBS5162 inhibited proliferation and promoted apoptosis of human retinoblastoma cells by regulating activity of the Akt--mTOR pathway. The present results suggest that UNBS5162 is a potential therapeutic agent in retinoblastoma that requires further experimental study to validate its curative effect.
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![UNBS5162 inhibited cell proliferation of human retinoblastoma cell lines.\
**Notes:** (**A**, **B**) Concentration of UNBS5162 treatment was determined by drug sensitivity assay; 16.5 μM was the IC~50~ value of UNBS5162 treatment. (**C**, **D**) Proliferation of WERIRb1 and Y79 examined by CCK8 assay. Compared with the negative-control (NC) group, cell proliferation in the UNBS5162-treated group decreased and showed significant differences at 72 hours in these two cell lines (\**P*\<0.05).](ott-10-5303Fig1){#f1-ott-10-5303}

![UNBS5162 promoted cell apoptosis of human retinoblastoma cell lines.\
**Notes:** (**A**, **B**) Apoptotic cell numbers in negative-control (NC) and UNBS5162-treated groups were examined by flow cytometry. (**C**, **D**) Numbers of apoptotic cells in the UNBS5162-treated group (27.1% in WERIRb1, 20.83% in Y79) were significantly higher than in the NC group (11.59% in WERIRb1, 12.89% in Y79; \**P*\<0.05).\
**Abbreviations:** FITC, fluorescein isothiocyanate; PI, propidium iodide.](ott-10-5303Fig2){#f2-ott-10-5303}

![UNBS5162 affected the expression of apoptosis-related genes in human retinoblastoma cell lines.\
**Notes:** Western blot was used to examine the expression of apoptosis-related genes in the negative-control (NC) and UNBS5162-treated groups. As a result, compared with the NC group, the expression of Caspase 3 p17 and Bax were upregulated and Bcl2 downregulated significantly in WERIRb1 (**A**) and Y79 (**B**) cells (\**P*\<0.05).](ott-10-5303Fig3){#f3-ott-10-5303}

![UNBS5162 inhibited proliferation of human retinoblastoma cells through the Akt--mTOR pathway.\
**Notes:** Following Western blot, expression of Akt-pathway and key proliferation-related genes -- those for p-Akt, p-mTOR, p70, and cyclin D~1~ -- was found to be downregulated significantly in the UNBS5162-treated group compared with the negative-control (NC) group in WERIRb1 (**A**) and Y79 (**B**) cells (\**P*\<0.05).](ott-10-5303Fig4){#f4-ott-10-5303}
